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Abbreviations used in this paper: CT = computerized tomography; MR = magnetic resonance; NEXUS = National Emergency X-Radiography Utilization Study. C izations, and injuries detected in a delayed fashion. We also documented which service cleared the cervical spine of suspected injury (neurosurgery, trauma service personnel), or whether the spine could not be cleared during the hospital stay (patient sent home in a cervical collar, with a follow-up visit scheduled in the neurosurgery clinic).
In January 2004, a new protocol was implemented for clearance of suspected injuries in the cervical spine in children. The data collected were then used to compare the methodology of cervical spine clearance before implementation of the protocol (Period I) and after the protocol was initiated (Period II).
Results
Development of a new protocol for pediatric cervical spine clearance based on the NEXUS criteria 12 started in August 2003. Approximately 4 months of review and revision were required before approval was given by a multidisciplinary team that included members from general surgery, emergency medicine, and neurosurgery. The protocol was implemented in January 2004 (Fig. 1) . Data comparing Periods I and II are summarized in Table 1 .
During Period I, 936 children were evaluated after the trauma protocol was activated. Of these, 293 (31%) were younger than 3 years of age. Standard x-ray films were obtained in all patients, and CT scans were subsequently obtained in 81 patients (9%) and MR images in 26 (3%). A total of 33 injuries (3.5%) were found: 21 ligamentous injuries (2.2%), eight fractures (1%), and four dislocations (0.5%). Surgical stabilization was required in five patients (0.5%). During this period, 890 cervical spines (95%) were cleared by the neurosurgical service, with the remainder cleared by the emergency department or trauma service staff. No late injuries were detected.
During Period II, 746 children were evaluated after activation of the trauma protocol. Of these, 189 (25%) were younger than 3 years of age. Admission CT scans were obtained in 159 (21%) and MR imaging studies in 34 patients (4.6%). Sixteen injuries were detected: six ligamentous injuries (0.8%), seven fractures (0.9%), and three dislocations (0.4%). Three children (0.4%) required surgical stabilization. During Period II, 507 cervical spines (68%) were cleared by nonneurosurgical personnel. In contrast, the cervical spines in 239 children (32%) were cleared by neurosurgical personnel during the initial hospitalization, and 66 (9%) were sent home after immobilization in a rigid cervical collar, with a follow-up visit scheduled in the neurosurgery clinic. No late injuries were detected.
Discussion
In this report we have demonstrated that reeducation and use of our protocol after trauma can safely facilitate clear-ance of the cervical spine by nonneurosurgical personnel. The use of this protocol reduced the need for neurosurgical consultation by more than 60%. Similar injury rates were seen during both periods, and no late injuries were detected in either group.
Although many studies describing different methods of clearing the cervical spine in children have been previously published, 5, 8, 9, 11, 12 no current standard of care exists. 6 Clearing the cervical spine of suspected injury is especially difficult in children because cervical spine injuries are uncommon in this age group, children are often noncommunicative, and there are many normal variations in their anatomy, including pseudosubluxation, absence of lordosis, epiphysial variations, unfused synchondroses, and incomplete ossification.
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Establishment of protocols to clear the pediatric cervical spine of suspected injury has been shown to decrease the time required to accomplish clearance 4 and reduce the number of missed injuries. 7 One of the main purposes of our protocol was to define clearly under which circumstances neurosurgical involvement was required. At many centers, neurosurgery is heavily relied on to clear the cervical spine. At a Level I trauma center, this can add up to several "cervical spine clearance" consultations each day, especially during the busy summer months. This places an undue burden on the neurosurgical service and often results in significant delays in diagnosis.
Our data demonstrate that the vast majority of children who are evaluated for cervical spine clearance do not have an injury (positive findings are noted in only 2.9% of evaluations). In addition, implementation of the protocol at Primary Children's Medical Center reduced the number of neurosurgery consultations for cervical spine clearance by more than 60%. Although we do not have data documenting how long it took to clear the cervical spine of suspected injury, our anecdotal experience strongly supports a reduction in the time required for this procedure after initiation of the new protocol.
Importantly, there were no missed injuries during Period II, confirming the safety of the protocol for use by nonneurosurgical personnel. Although we did not specifically track the number of children requiring flexion-extension radiographs, the majority of children were cleared of suspected injury based on clinical findings. Dynamic radiographs were only obtained in children with a normal mental status and normal results on neurological examination. No complications were seen as a result of performing dynamic imaging studies.
Aside from the reduction in neurosurgical consultations, the only other significant difference seen when comparing the periods before and after implementation of the new protocol is the increase in the number of CT scans ordered by practitioners using the protocol. Of the 159 CT scans performed during Period II, only 73 were obtained at Primary Children's Medical Center. The remaining 86 were performed at other institutions prior to referral. The use of the protocol, therefore, did not result in significantly increased use of CT scanning at Primary Children's Medical Center (9.8% of all evaluations during Period II compared with 9% during Period I).
Our protocol offers several advantages. First, it is a standardized protocol that can be followed by personnel from a variety of disciplines in the emergency department or intensive care unit setting, thereby simplifying the methodology for cervical spine clearance. Second, it offers a rapid algorithm for cervical spine clearance because the primary service personnel can complete it without subspecialty consultation in most circumstances (68% of evaluations). Third, the protocol appears safe; no missed injuries were later detected after almost 750 evaluations. Fourth, it clearly defines when neurosurgical involvement is required, thereby significantly reducing the burden on neurosurgical staff.
There are some limitations of our protocol, which are outlined here. In our protocol, all children must undergo plain radiography. The NEXUS report clearly demonstrates that approximately 20% of children fall into a low-risk category and do not require radiographs. 12 Nevertheless, because part of the initial trauma evaluation for children as outlined by the American College of Surgeons trauma guidelines includes plain radiographs of the cervical spine, 1 the films are routinely ordered after activation of the trauma protocol at our institution. Although early versions of our protocol incorporated the NEXUS criteria before radiographic assessment, we were unable to get consensus within our multidisciplinary team for any method that did not incorporate initial radiographic studies after activation of the trauma protocol.
Another limitation is that our protocol does not explain the methodology used by the neurosurgical staff to clear the cervical spine of suspected injury. The purpose of our protocol was not to outline specific methods that can be used to clear the cervical spine in children with abnormal results on x-ray films, those with neurological injuries, or those who are noncommunicative (that is, children Ͻ 3 years old or in a coma). Rather, our goal was to facilitate the process of cervical spine clearance in children by developing a standardized protocol that limits the number who require subspecialty consultation to those with the greatest chance of an injury.
Conclusions
Currently, no national guidelines exist for clearance of
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Cervical spine clearance in children 3 the cervical spine in children after trauma. In this report, we have demonstrated that education and establishment of a standardized protocol can safely facilitate clearance of the cervical spine by nonneurosurgical personnel after trauma. The use of this protocol reduced the need for neurosurgical consultation by more than 60%. Similar injury rates were seen during both periods, and no late injuries were detected in either group.
